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ABSTRACT 

Thin film specimens were produced as free as possible from defects, 
and investigations uf the critical current as function of temperature 
were made on tin films evaporated on glass, in some cases with copper or 
aluminum backing. It was found that the metallic backing had a signifi- 
cant effect on the critical current in the region around the transition 
temperature for pure tin (3.71°K). At temperatures slightly higher than 
the value at which there was a sudden rise in critical current, the tin 
films with metallic backing appeared superconductive, although there was 
no change in critical current with temperature. Values of this apparent 
transition temperature for tin were found to be 3.04°K for copper back- 
ing and 3.44°K for aluminum backing. In addition at the lamda point 
(2.186°K) there was found to be no substantial jump in the critical cur- 


rent for the specimens with copper or aluminum backing. 
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1. Introduction. 

At the time when Kamerlingh Onnes first discovered superconductivity 
in 1911, no complete theory of metals existed. Since then satisfactory 
qualitative explanations for most metallic phenomena have been found, but 
superconductivity has remained anomalous. Recent developments have made 
it possible to correlate some of the properties of superconductors, and 
thus to distinguish between fundamental and secondary features. 

Tne first problem in any experiment on superconductivity is to pre- 
pare a suitable specimen. The specimen must be as free as possible from 
any defects which may introduce secondary features and thus confuse obser- 
vation of what is described as ideal behavior. As explained in Shoenberg? 
chemical purity, including freedom from dissolved gasses, and freedom from 
internal stresses are essential. 

The first characteristic property of superconductors is the disappear- 
ance of electrical resistance below a certain temperature called the tran- 
sition temperature. When a steadily increasing current is passed through 
a superconductor, the field associated with the current eventually be- 
comes great enough to destroy the superconductivity. The maximum current 
the superconductor can carry without becoming resistive is called the 
critical current. 

In thin films the current is probably concentrated in the edges and 
the current distribution function has not yet been determined. ~ To 
further complicate this problem fuzzy edges are produced when a supercon=- 


ductive material such as tin is evaporated directly onto glass. It is 


1p, Shoenberg, Superconductivity, Cambridge University Press, 1952, 
pp. 7-12. 


“Thid., pp. 174-178. 








thought that better edges are produced when the superconductive material 

is evaporated on a metallic backing than directly on a glass flat. It is 
well known that the electrical properties of evaporated thin films depend 
markedly on the cleanliness of the conditions of deposition; in particular, 
reproducible results are obtained only if the vacuum is at least of the 
order 107° « One purpose of this project was to construct the apparatus 
for producing clean evaporated thin films. Another purpose was to investi- 
gate the critical currents for tin evaporated directed onto glass flats 
and onto backings of copper or aluminum which had been first plated on the 
glass flats. It is hoped that this work will aid future investigators in 
making better thin films for superconductivity experiments and explain 
some of the phenomena associated with using metallic backings for the 


superconducting material, 


2. Theory of film formation. 

The atoms, which constitute the vapor phase of the substance being 
evaporated, collide with the atoms of the substrate with a velocity which 
depends among other things upon the temperature of the furnace. Much of 
this kinetic energy is immediately given up to the atoms of the substrate 
which is organized in a somewhat random manner in the case of glass. For 
an atom to remain in contact with the substrate it is necessary that the 
binding energy be greater than its thermal energy, otherwise it re-evapo— 
rates. The essential point governing the film behavior is that in general 
the binding force necessary to hold an atom in a fixed position on the sub- 
Strate is much greater than the force necessary to prevent evaporation, 

We are thus led to consider the two quantities; the heat of evapora- 
tion from the surface or the energy necessary for a particular atom to 
leave the substrate and the heat of sublimation which is that energy re=- 
quired for an atom to leave a collection of like atoms. Now if the heat 
of evaporation were large compared to the heat of sublimation, we should be 
able to uniformly coat a substrate with a monatomic layer of metal. This 
case rarely et, when metals are condensed onto glass the reverse happens, 
The cohesive forces between metal atoms are much stronger than the adhesive 
forces between the atoms and the glass so that the atoms aggregate until a 
stable configuration results. 

It is known that films which are non-continuous in the sense that they 
are not electrical conductors are further exposed to metallic vapor and 
their thickness increased beyond a critical range, they do become electri- 
cally conducting. This very rapid increase in conductivity is not surpris- 
ing since the processes of condensation and migration are quite random, and 


thus the thin film has a high degree of uniformity insofar as the distribu- 
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tion of particles is concerned and upon addition of further atoms the 

film as a whole will more closely approach electrical continuity, i.e., 
the gaps between crystals become uniformly narrower. Finally the addi- 
tion of a relatively small amount of metal will close a large number of 
‘gaps almost simultaneously so that where previously there were no conduct- 
ing paths across the film, there rather suddenly appear a large number. 

The cleanliness of the substrate is an important factor in the pro- 
perties of thin films. Both water vapor and gas play important roles as 
contaminants on various substrate material. It has been shown that if 
evaporation is done at pressure of 107° mn a certain amount of spontane- 
ous cleaning of these contaminants takes place and the adherance of metal 
films to glass iin oveete If the substate is maintained at reduced tem- 
perature, agglomeration is sharply reduced since the metallic atoms more 
quickly lose their energy to the substrate and fall below the activation 
level for migration. 

Film structure is also found to depend upon pressure over a consider= 
able range. At higher pressures, where the mean free path is small com- 
pared to the distance over which the metal atoms travel, these atoms 
arrive at the substate after diffusing through this residual atmosphere. 
Many are scattered to the side and rear and this together with straggling 
results in a decreased deposition rate. Accordingly the agglomeration is 
increased. Although perhaps not too convincing, there is a suggestion 
that once the pressure is reduced so that the mean free path becomes great- 
er than the distance from furnace to substrate, there is little change in 


film structure, probably for the reason above. 


3M. S. Blois, Jr., Thesis, Stanford University, 1951. 





3. Evaporation technique. 

The first step in the preparation of the thin films was to obtain a 
clean surface on the glass flat. The glass flat was placed in a holder 
and immersed in a solution of boiling distilled water and a special deter- 
gent "Kwip", and was swabbed with cotton. The glass flat was then removed 
and rinsed by pouring boiling distilled water over it. It was then sprayed 
with alcohol and dried with ordinary paper towels, care being taken not to 
touch the glass flat. The purpose of this cleaning was not so much to re- 
move all specks of dust or other inorganic matter, as to avoid contamina- 
tion by a monolayer of grease or oil which would prevent the metal atoms 
from coming into proper contact with the glass. After cleaning, copper 
wires were soldered with indium onto the glass for electrical contacts 
used to determine evaporation rate and resistance of material deposited 
during evaporation. The glass flat was now ready to be put into the eva- 
poration apparatus. 

The essential elements of the apparatus are shown in Fig. l, 2 and 3 
and consist of a flat steel plate to which a glass jar is ground with a 
neoprene seal and a small amount of vacuum grease and a top flat aluminum 
plate which is ground in the same manner to the jar, a vacuum pump capable 


Smom. , copper rods used as supports and elec- 


of producing a pressure of 107 
trodes for the tantalum boats, central liquid air trap for cooling and 
supporting the sample glass flat, side liquid air trap for cooling aluminum 
plate inside system, water cooling coils around tantalum boats to prevent 
plates from becoming too hot, and a shutter which prevents substances from 
striking glass flats before evaporation. On the top aluminum plate there 
is an ionization gage tube (1073 mm. to 107%mm, range), and a Stupakoff 


connection for electrical measurements. 
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Figure 2- 


Figure 2 
General View of the Evaporating Equipment 
This view shows the evaporating equipment with the Kinney 
Mechanical Fore Pump, Consolidated Vacuum Corporation MCF=-300 
Diffusion Vacuum Pump, the Vacuum Cylinder, and the Varian Asso~ 
ciliates Graphic Recorder Model G=-10. Evaporation controls are on 
the left side of the panel; Ionization Vacuum Gauge Type DPA-38 


is directly below the recorder. 
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Figure 3 


The Vacuum Cylinder 


A close-up view of the internal set-up inside the vacuum cylinder. 








Two razor blades #" long and separated by approximately 50 microns 
are cempnted to a flat plate and are placed in contact with the cleaned 
glass flat which is cemented on a round plate. This combination is secur- 
ed to the bottom of the central liquid air trap. The copper wires solder- 
ed on the glass are connected through the Stupakoff connector. Either 60 
or 300 mg. of tin are placed in one tantalum boat ae a small amount of 
copper or aluminum is placed in the other boat. The top plate is now plac- 
ed in position. A Varian Associates Graphic Recorder, Model G=10 is con- 
nected across the specimen by means of the Stupakoff connector. The system 
is pumped down and is outgassed by turning the furnace and heating a wire 
connected between two copper electrodes. The furnace is shut down and 
liquid air is poured into the traps and allowed to cool the specimen down 
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and lower the pressure, At a pressure range of 5x1078 to 1xl0™ mm., the 
Sait ter is opened from outside the system, water is allowed to flow a- 
round cooling coils, and the furnace which is now connected to the boat 
containing either the copper or alumiiium is turned on. The furnace is 
left on until approximately 1,000 ohms of metal as registered on the re- 
corder have been evaporated on the glass and then is immediately shut down. 
The furnace leads are quickly shifted to the boat containing the tin and 
then a set amount of tin is evaporated out. The system is then shut down 
and the specimen allowed to warm up to room temperature. The specimen is 
then removed from the system and the thin film inspected under a 430X 
microscope, 

The films which were made by evaporating tin directly onto the glass 
did not show as clean straight edges as those which had copper or aluminum 
evaporated on the glass first. Only those specimens which did not show 


any flaws under microscopic inspection were used in the DC critical mea- 


surements. 





It was observed that the resistance of all specimens, regardless of 
backing material or slit width, decreased by a ratio of three from the 
value at room temperature to the value at liquid air temperature (70°). 
However, the ratio of resistance at room temperature to the resistance at 
liquid helium temperature (4.2K) ranged from values of 5 to 14 for differ- 
ent specimens. These observations can be explained in part if one consi- 
ders the resistivity of a metal containing imperfections such as vacan- 
cies, interstitials, and impurity atoms as the sum of the resistivity 
caused by thermal motion of the lattice and the resistivity caused by the 
imperfection. At high temperatures the resistivity due to the thermal 
motion predominates and the resistance is therefore independent of the 
specimen impurities. However as the temperature approaches zero the re=- 
sistivity due to thermal motion vanishes and the residual resistance may 


4, 


vary from specimen to specimen. 


Ao, Kittel, Introduction to Solid State Physics, John Wiley & Sons, 
Inc., New York, 1954, pp. 266~267. 
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4. Experimental procedure. 

The superconductivity characteristics of the specimens were investi- 
gated by determining the direct current required to cause a voltage drop 
across the specimen at a particular temperature. This voltage drop indi- 
cated the change from the superconducting state to the resistive state. 

The specimens were mounted in a holder which was fitted with lead 
strips to insure electrical contact between the external measuring 
instruments and the specimen. A variable direct-current supply was used 
to apply the current to the specimens and an oscilloscope provided a vis- 
ual presentation of the voltage drop across specimens when the phase 
change occurred, 

The cryostat, specimen, and specimen holder were precooled with 
liquid air prior to filling the cryostat with liquid helium. The load- 
ed cryostat was allowed to reach temperature equilibrium, as indicated by 
the cessation of boiling, and the resistance of the specimen at atmospheric 
pressure (4.2 °K) was determined. The pressure was then decreased slowly 
until the specimen became superconducting. 4 

After the specimen became superconducting a direct current was applied 
to the specimen and the current required to cause the phase change to the 
resistive state was measured by observing the current value when the oscil 
loscope trace indicated a change in the voltage across the specimen or 
when the "tailbiter" cut off the current. This procedure was repeated for 
different values of temperature. The pressure was always decreased between 
readings in order to assist in reaching and maintaining temperature equili- 


brium, and in no case was the specimen allowed to warm up during a run. 











Figure 4 
General View of the Electrical Measuring Equipment 
The critical current vs temperature readings were obtained 
through the use of a cryostat, oscilloscope, variable direct 
current supply, current meter, and a pressure apparatus for 


temperature variation, 








5. Results. 

An examination of the data accumulated and of Figs. 5 through 12 
indicates that a backing of aluminum or copper has a definite effect on 
the critical current. 

One effect of the backing material was the practical disappearance 
of the critical current jump at the lamda point (2.186°K). In the case 
of no backing a pronounced jump was observed but in no case was a sub- 
stantial jump present with any amount of backing material used. The 
jump in critical current is due to the fact that helium changes phase at 
the lamda point and becomes about ten thousand times as good a thermal 
conductor. The heat being generated in the resistive regions of the 
specimen is transferred more rapidly to the helium at temperatures lower 
than the lamda point and therefore the specimen requires larger currents 
to switch to the resistive state. However with metallic backings it is 
believed that the backing itself acts as an excellent heat conductor 
and thereby eliminates the jump at the lamda point. 

With backing material it was observed that curves of the DC-critical 
current as a function of temperature flattened out at the higher temper- 
atures. As the temperature decreased, the slopes approached those of the 
specimens without backing. The flattening-out portion of the backing 
material curves is not understood but perhaps is due to secondary effect 
of an alloying material produced during the evaporation. 

It was found that the tin without backing material went supercon- 
ducting at 3.70°K which is in agreement with Shoenberg's value of 4.71 Ke 
However for specimens with copper backing this temperature was found to be 


3.04°K and with aluminum 3.44°K. These temperatures for the specimens 


>Shoenberg, op.cit., pe 22h. 
ree es 





with backing material were taken at the apparent transition temperature, 
the point of the first sudden rise in critical current with temperature. 
At temperatures lower than this apparent transition value the specimens 
acted similar to those without backing. At higher temperatures than the 
apparent transition the specimens with backing had some indication of 
superconductivity but the critical current remained constant with re- 
duction in temperature. The exact temperature where the first trace of 
superconductivity took place was not determined. 

The apparent transition temperatures observed for the tin with back- 
ing material leads to two surprising results. Firstly, although there is 
no universal rule as to how transition temperature depends on ccmposition, 
it is more often the case that the transition temperature of the pure 
superconducting element is increased by the addition of a non-superconduct- 
ing component .° Therefore if it is assumed that the strange behavior at 
temperatures higher than apparent transition are due to an alloying effect, 
it must be concluded that copper and aluminum when alloyed with tin act 
just the opposite as expected and lower the transition temperature. 
Secondly, it might have been assumed that an increased amount of deposi- 
tion of tin on the backing material would tend to have the apparent 
transition temperature of tin approach the true transition temperature of 
the pure bulk material. However in the case of either 60 or 300 mg. of 
tin evaporated onto the same amount of copper backing, the apparent tran- 
sition temperature remained constant. It may be hypothesized that there 
is a thickness of tin which when evaporated on a backing material would 
yield results approaching that of the bulk material, and further work 


into this area to find a critical thickness might yield some interesting 


Sshoenberg, OP. Cilmi peo (=u 
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results. 

It was seen that alumimim had a lesser effect than copper backings 
at the higher temperatures and this might suggest aluminum as a better 
backing material. It has been known for a long time that aluminum eva- 
porated onto glass has good adherance and smooth structure due to an 
additional binding force between the metal and the substrate through a 
layer of absorbed oxygen existing on the substrate prior to evaporation. / 
Copper films deposited under the same conditions as aluminum would pro- 
bably show more agglomeration. It is freret ors thought that the tin 
evaporated onto the copper would have more noticeable alloying effects 
than when evaporated onto the aluminum which had formed very small 
particles upon plating onto the glass. 

The authors wish to express their appreciation to Professors J. N. 
Cooper and E. C. Crittenden, Jr. of the U. S. Naval Postgraduate School 
for their friendly guidance and assistance in this project. 

Further acknowledgement is made to Mr. K. C. Smith for his valuable 


aid given in the construction of the apparatus. 


"gis, op.cit. 


ees: 











t-r 1-4 








































+ i } 
bap nee ee a a ae 1 *] og o rk ee ica || 
ees cecy staat evar: pebseiree 
b i ~$ + : At ee 
+f hay OSGSen gos a ; 508 ARREAE 1 a 
+ ( ' + +} +a 4 deeds 1m. 
descr cese per Sa ai a gH ast ect 
=. Rae +++ 1 
@ sats SHEEP esa ae 


ante TEU H Bian aie cecil iat Pe ee 
ita Sanee eee ee 
st i au es ea ize efi be fal te easter fattict iar ete ine cutee ie iz ice a i 
Hiafrre eri ee ete eure 


























SW eeoe ee ck He eee eI aa Tad HS 


oF 





























fil tt es anit 
Ser ae HE ectenti ee etter 


REE sruct 2oNed bs Tee SEEnt aUeTeCena rcs Sriaitaaterite a ia si acfap esto fastctiets 


ae ea ee ee eae aa a ae ee Hii 
ae Aa SO el Al 
cal = Gflate: ce ete 
a Epes ices Eze eae 


gee ou ana dials dear at eet ae ae Helis 
te Hear EE ae Zh: Site ake 


po aaa an fae cae sett ae 











roe 
HEE 
+t 
she 
rie 


aie 

ae 

ag 
: 


Ht HH 
Grits 
See 
EE: 
ies 

Eft . et 
: 

; 
ake 
He 
iE ae 
oe 
sae 
cireete 
a 
Tit 














sezEvis 
seit eet 








ror 








PEE EE 
st Soset curt Hepes Esut cous oaeeeteeettectt cc teec ecatiortt tit 
LE age ait fl te us RE EE ieee 
Ba a HA LA BB | 





necee 





Rech |G 


















Tr 
Sut iseesnuact 
geese -- 
eaanans 
Weer 


are 


sutteet 
aageded 











Too 








a beew 
Py 
B 
! } 1 
1 TT | 
+ _ 














ayisaretits 
































mee 
a 
ae 

Pet sosea guess frstserestas 
: 
ia 
ae 





SiS HEHSIHSTEEES 


cosane Seems 
se 
















































3 aaa a ey 
esa Pen oo 
Sor send casts peeesstests Le Se Age 

iM ean eet ere aus oe ae fade 





[ei Le eens ce itu 
eure Perea ETE . 
BE aca ey og ag a SHS ee a: 


Baez eee) Ue : | rast 
j—b-f -b bh 4 pt foo ™ : 1 
} é EHH ' 2 | 
art igh Sms, ry: ied a asaeagpaae freed 5a ay 










































sireessites 








itn: 




















glesscuses celsstzesd 


goscesens 


FS 





ScESESEDL ERIE 
acne 


GeeEGnucsan 
Semana aoe 





inate 
















Eee 




































































EEE HoH 
Ee te semeee Poh HEH 





























Select ints 
oS 





sans ino i 
Se OBES TARE SARIS S A Se SEs BARE 


ape fiche a{ eatin 


























itt 


play 


HE ea eee ae 





zieaeiel ere a at ily ue Sitti: SURGE eee teens 


see Rei Ha 











ae fee a: 
5 eae Eee ee LE ee ERE SEEE ified aitiasettceee 
E tee 
SC 
eee 
i= FED aaa srs ie dtesedias peli cite co caer evens 
2p Wt lr tC Be 
ce en eer Ba oa EET 
aeons ee eet ere REE EG 
Het Faves ezatGF00| eset ated fener eanra COQ causa Hai Oeeeedazéy fopeeazsti a ecesstaate ifzesssma attl cessstis reocy 
Agee Sedge ee peed eee geet eget Eee EEE i 
aS GEbEs fave Getedaneat ee ossata fia feecovsast cede eovama aead peezesatat fetes ccesa/iee eosafeata ite 
TSE Set EEE eee aed ede gee ea EE Le 
1 ne ie ame 
oo gph epee pt 
ie fear at tee eaten neta ee eset ec 
i REE Ee SoeGenescsess mua senna LH ae He HE 
gee 
fC 
ae Eft eel ee eel eeu eel eet ar eer eee eee ee eet ae Oe 
ge fil si eee fb PRES sepa a 
ee te ae Se fae eet ttl are! tf lee eee ptt fece 
i eee a Ean el tinier er a Ee — 
it 


a. 


HHH 
Saw 


n 
ita, 
ZEEE RSS 


di 


ots 
a 
a 


~ Be 
rt i rTinee tl 
BROS R rata 
Tt | Re 
om 


“Ga 
~~. | 
Pi rity le 
BANG SaeDe 
gene 
au 

































eae 


a2 






















be Ei seat pace 
See HSE 





a 
HH EHH wean recht 
siiead edseatcad i tsstoseesosts 
if eGr ne 4 | B 
o 23S a ee 
@ a BaSae 
a ae Ge 


H H Mey ORMBE REE oo. fi 
a iE lotalalaretiatal @amtatae 
an a ae ae SARS ULE 
Gan 2 
t——+-§ 144 1 37 
be Ws Se ; 
{ —~- 


Reed peeac tees 


Hi 
i 


as 
esucz 
seats 
sseti 
meee 





Seusses 





“tt 





aseuseseu Sere 


BSGestser 
Sete 
Set aaa ecedi fiseatis 


Boss POrsebeces Sa8cdfcasi08 


5s00eeescsccogsam 


{ oH sc 
on 
saan : 
oo 
iGpeeasees 5 
acta 





Hie 
sane 
5 I] 


_ 


Hie 
iti 











: 








Tale 
sieetere 


+ | 
i 


SS 


ene 
in 


eet 
eth 
Sas 
Sree 


HE FEE 


HSE 
i 


SEP if 


erg (ale 





+ Shas eeeee + 
- ett +4 a ce + 4+ 44 ae} Le 
{ | } rd } { | ‘4 | 
+--+ - pot > SERRA Sa - {- - t— --& F- 
{ I } } f } 
7 j — ele f ¢ TT - b- } — + 4 +> -L 

iam a peat dete} tt P RE bee 
+ + 7 —~ , 2 t — . _—s + : = 
g fo aneeal) e ago lcas Bai Td 
gage CI aA PSG i (SORA RANE!) PENET REE oo! 2 
Ole H+] - oat | nu nase ae 1 BwWEC gene 

— fas B ASI = ease | fh =) te } 

t | @ a 


opp 





Ron sanoe foams 


SaugeaEe 












sueberss 








ane 
Bae Q 
a =e 8 care oe 
Hie oe len pete 
+ i BU 


= ‘ ; i aes Tata = + 
i+ $-gef pj dp $i BE ; 
Cane RARE hae aoe a Be a i 
-4+ =, ' oo ooo i } Saati + atime 
Teton oeteatae 
tho Sta ae | 
f LY 
er 5 
Bg 


oa et eaten | 
: aoe eH a Bt tt 

RHE 

ee 

stan e 

He 

Suen 

Hee 


Baeee 
FEA 
a 


ae 
cee 


oe | 
ath ‘ itd ci + ait | t Beae e fi 
a ie erlaiets Lalorale Bog 
i eo a Os gl SRN = ie paey 

fe Tok aan 
Fffs Sei set as < Ca udd bes (ets ceasl aessazisa ated 
4 Hite bh. peo aet H HH B 

i = an on 
oe i 
SrEaEEe 
etal 











H 
EH 
eae 

ee 
Hae 





ageeees 
Eases 
Hr HHH 


seieiesiat 
ae 


et 


ee 





eae 
SeHitisiiet 

a 

=o 








i 








Heenitis 
mesures 
Deis: Coed Genst ceseteceate 
crite 
H 
a 
Poth 
SaneEe 











le. 
Sreatial 
sant 




















ETE Liana 
oe Gated fessteeee te 
tia aii 

SHER 


BH 
aaa iF 4 
PH 
ae 
e2eaa 


tr + 
sees 3 er 
ba ppt oerar —++-4 
! { | 
] t te 
Li Saat Woe 
4 2 
Ssei beret 
= ++ 14 4— +4 - 
4 + — 
Ld 
a 
= pan 
J 
@ 
B 
ly 
i | mat 
tty 
+—~— 
i 
sacge So 02a 
we RRS 
a } 
ai bee 





OSaB 
ee 
speeece! Sucnteecs 





18 


cone a mea 
= 


zliaa iia 
Ea es ere 





Lek 





ane 





a 


price 
ec 
tH 
ra 
Pang 
dan 
eH 
qeneues 
rh | oan 
HH 
aeea 


a 
a 








aH He Hy eis Las at Sasa ee 


a 
Soe ee 
Lo 


festfria| tet] EE 


i nie SS 


7 


seunuss 
HE 
ait 
ae 
ae 
a 
snpaneg gece 
ari 
ro 
“ae 


Bl eget 
aeBE Ge 
a 


ee 
vale 
. aH 





a 
Breet ere ere aeae 
eae! 
Hintie 








He 
Fey 
fo 
= 
EEE 


fe 
Sei el ts 
aed 
nelseceaee 
SCHEER EERE EH 








Gan oe gone ane seer Cees SGGGRGGGGeeuee0taGeuu ial eee eee Poh a seo HAGE Eee ag ane 2s afaasoeed eee ate dcte fea Hence etaeee ee HSEEEEEE 
seeey eue vi02 (21) 13 1 GOGSGEBEEESEEG CaREE SEnTSSEEEE SEES ST SEGSEER" Susne0e%es cunsacS sue eed a= saees/eseq]0===eecersa08 
Sp onend ScNceEESEESESES ECTEES Es reed ontocfesad caste eestcdiaeteoss oatestbsst oats nade ee ece re saseessseseenssascezses 


EERE EEEEEEEE EEE EEE GeuG Geert ate SEED eel Ao ie SGenGeuue 
SESzEs seees teces fgcecereeceuseesreceeesseeeseseersseevs SEESSCEEsseeesias 

sueseseas dasseazend ouitoitostasteestericitecttaiattart Sri SSsHTRETHtS BEREEse coteatc erie ic tec 74 aged oatoa aadeataat outentoste dant satan tessa teat antes cot stent cotta secetstiey tastegozs 
sutazngos fandasest feats toss ateatossoveasestaseefaeteteageitastits He fet ea) Si dan eccit nanos uunud SSSESOEEEGCENDSSTSEE ESSEETESEE SuEsoceEet Seaasbess Gasesar sa? ssaseeasts CsSs0ees=0S2seEEaESs 
i 











svar oadaupeeatan’szfesad ant 1 V"ssfositaddestast’ 7 astestiedfestear sy reattanteiiostiad: 
SE of a gr sep vee cP t ed HPPA EEE d 
HITEC Senha nastsvucd faust sageneosdevstevstoc gostteait tipostnaatsatesitas foritisiits HHH 
i asses reset secs esse fasts ees tees et ee taeee EP tts ae elt 
Fee tts aesistt erect 


ie aan QSCraE th ott igs 4 euanece te qeneeeaes HEBER BGe 7" SC RBR Bees BRL soe ca BGG GaUHn Beea8 "eee 
Segnenee-40 eH aan ooo rad ¢-1B8 GRGR8 Bae serdar Ea eer Hae ate HEA as ec age EE 
sSORSEUSA cE Chane cobes USsntsuGae ouoeeseHed Afecs Sooke Nusee otSSE SE=SERzE=2 82-0: BSGEES@aes saree CRaes neces 
Poe Gee SeGGe6 SeGG0G5SGSR0EeGeRenG0 ssieaseatefastertt te HH H+ BUBB aev8 Lb 
a 
BRO 





eal P+, 4 CS jae ale ela uae Zan 4 BBEMS m* la” Pets ra 
4H E +4 | ome * “cae oame cage: Ge Sen Peel 7 
a cnnea* 48 eit | | te : ipoeennen a 
Gea EC ORE ESRSCOnYE JSR 5B HHH Beene” Seegeaseon 


see GE e080 R38 Susaean BRO DOSee Bee) PS SSResare 

(ia fe Et DSSS eeo BEC BE BRO8~ BOOREMALUe 

a E+. SUBBBEOBYBSEDOREL |S R RRR ERR SOeSh see 
H 
| 





fpr sossedtecitoite iesteavit 
SoH SSHSAHesd asda cds eodsatzedtons astentenztens 
GeGGae €GeREn5o0 BESER S8B20 


HHH BOEGEEG Eoueee O80 LOSEenea sirreesastc iit 
de 


sisodnede peendottadentasfoaje esteatanysttqisettstostateertitectaztat eee ota 
HE Seceeeanen SepeneenGeeeecueuna GD dSSOREC IEC C COSC Geen 0 eee we. SEEge BERUESEEeE 


a Scmes Epis eeres SURE naks S007 ESE: FERSECEeee 
Sbssdta faves facfastt cestttesssieetizSt0ztt 
— Saness =e SeecSSRe00SGeSRE a: GogeGen nae 


ae 


EEG ag NRE see aeee ceeded aces eaaae ance cee ca atat aaaeause nee ee at atta aan amen aaa at Oat Hoh pisbe eb a) 


oped aalesiac Se a See Pe ees Get ona ee ite 


sauces s SESSESGEg0 soocecegge tress ceuccacses;eeeqqeaue SSHEELHESESH CHE ccd sites tooste tess esceecatos tectioe sence Secegseeeesgeee sossdesoreataeasarazeneai oro‘ceonee 
saestfaseestostae cesttaiteries SECEIEH cagaduseet 


See asset cea ane ces tia faee fet asec ed ne Sud sesas este grestasiessecstcitat sstattent 
cn gGpGOGeuGGoe Reens seaeeeeeue Raaean REECE EEE EE EEE PEEP poceny PEER ane 
Seoul Posed toast tnaed tenet rast efezs ecdten, «saad easd east secsdfasst fessd fnost nasi esstfacsttosed toststests toeat foes! ocatt seat octit ood ay sstectecdeitestestoctestien 

eet BES eo HOSES SSE RE DSR EE BEERS SEELO IL ae aa HE SkE BOO Ol EOS E EE COB RPP CE PE SRT EEO BSR PSE See Oeaes coor BRSCO Se eB roti . BB 





























BOSESE8a0e0 88 @G800 baa | meee paen Bo 
ag eH mee Anse: Jo ae ee eee cera 











ale GHOBBEReRa Sejeteteltete na BEER Ee ++ Nb LH H+ | UGE SEB et HH OBS USES E BE aU0 €8OUu Bane GEES0 UL deems adoe pat b+ 44 a: cae 1 We Rae ee Bt 
sudovestentaseetazes sovesfasts toate tessaseataseais Bbidysret se ee dete et aaa cece ae eses asec eazetesaazconee aE ESET HHETE BGEs Genes FEaEd Etat geGbd feeetaaaes sesesanes: seees naces 
a BEGGS G SSRs BSCR LCOUl CESS EER eS FH aera tits tH onane cae hcoeeeamer acentaa bt+-4 SSESsatesrst cosgeReeR PR th 


se are eae eee eee cee ee ee 
(Hig erg ua emt gt ued ato em 
Soaahege title ag ie aie te 


SEGELSaGEE Sates Guus SeEESeceen freeeeraes Peete ceese tesetsetes cresteeesseeeee cases = 


ates EES EE sozes fuadscevesswszstzed Easset tia iseet trad fate ett ee Bs 
Ee a ue tr tide ME 
fitfase| nee tan ease sce Sead eatae oer tal avian Seees REUE (ecerceaes (econ GeRGEScEstA 
pEHERear feseeeGeepenseeecuens Seer esestace Ses Geshe Seu sesesey SURES GSERSSSuGsSRE55 505565050 
Sebussnes foses Sessa ssEeeeusts fesse bases fnsaeesess fs eel Te TEES Eee EEE soir eeeaastar 


Saeeeneee AGIs e a 2 TEE caaaes site eeecceces 70s Beelegec SRSSSCGCUSEeRE JOBE E EEE 





Goan ae deconeuceus BeEB ine | deecce ae ESGU0 Ja@e Sf 
Goue bp + ft nea a ae page Ea aaeoee HH naoene H Siz GAEts Ueces FeSSEs¥PSE SE : 


So0ee0 Scenes Sie Sebi ie a a an SaGeeGnue SeSGRRSeee 
=e 














HEE 
pfs -— 
SrREeSce 
scesies 


Gage 
sare 
7: 
F 





Tet 

_ 
bell flirt 
He 


So deer d soeeeecsetccece Pier caeei SeRecitsareaeotpeit EES EEL 


s SGRG0 G08 Coees GeesnGeeRr Bosnnes 
HH BEGG DO OSBBE ER Ease Geseaueeeeeaaeene 


SSSHS SESH Set edeyeatecttatectecteniect 








+4 
rH 
ed 

[a 
Bu 


ee 
sue 





aaa 
aay. 
GS. 43. 
DeGh’ . Saban &eeee 
80880 
GUaSaa 


i 


ene 

oaa8 

Gann 
oay 

6 


Suoes BoneSEU Ses Gne5H0G005 RGSee REUSE GSEERESEEE 


itil Hie Bets [ove cbets geees buaeb cote geese seems UOCSEESES: ststssit: 
Bee tt sett bass Cocos Fear ueces cutee cveee baacseevesscessenssts 

B ag Ba BoGae aera Gee GORE BEBE 4 
sesceys 


Hi ioe on 2S 8BERG008S 
— Het 


he 








ae 
eae 
ae 
ate 
ee 
rot 


ut 
seeeee 


sae 
fills 
FHA 
Ei 


ae 


Hee 
EE : 
ccuauee 
lt 
r 


ae ann 








a 
ut 
te 
t 


scaeE 
| | 
Hee 
HE 


E 











i 
~~] 


5 
see 

HEH 
t+ +4 


7 





Bases asses vesaesaarserases 
Suit ate EE EHS 
ue en EEE fatie i rr 

FEE sees trastcatovecstetestl iit Scie 


saceen Seen: BEGSSRBRame al de te) 





seeee oH 
He 
ete 
ee 
aa 


¥: 
fi 
Fl 


t | 
Ti 
é 


BY 40 H+ +4 

eee} 

a 

BB 

ae] 

H+ 

ae 

OBB 








a 


agen 

Sti ouseens 
elt a 

i 

r 

cH 

: 

FH 

ah 4 


Hun! 


eo="25 





ESE 
AH 
+t oBBE 


raha 
ae 
cy 
Fi 
: 
F 








 . 
Pt Sees Heae eerie ai geg geeueegees saree sucee neeeaue dake) bux sane : 


ah ee eee cetescaa aes anes 
ibseviere SHE ER HOE Pa a EEE 











Say oe ee eatatEseh po docp tet 
2 EES Stare ORE BBG PAM GOR shat paeeod En Saeeaseaeeateaee 
ia 


oe a 
oo eet 
HH Beoe8 


eee DE eSseBAac banewecnd deena BSED HEE 08 Be Siam 
ee et ae 
ESSEREEEEECEEEECascazyecszpasstocs ecss lust ens sgetosttas easteeastecrtosteeossovtees Rese eosteeett coat anttenits eT oben oak Bt fe fale is: etn [HELE Eien 


Ssceescascet He CE sceesesan® fT 











oH 
a8 
ECEEEEEEE H 
a 





oH 

gs 

seat ctaz 
GasuB 








= 


- 
Ege 





oo fos 





=F BB: 


fae 


























USS0 28888 Biase saan cesesae oh eprast aaleaate re sGsene a caee Suseees agaeee Sorat rE) aR Pia a! GE Gel OSs 


pats 








eee eae eee aaa 
iCueanenee 4 tt SEE HE ee eH pele SE AE de Eta | sees yes5u seestieeTt ieee 
Eas eee (are t afesst ee tgs eee (tases Pe tae ete (eaneeeedraseree faaeaet Baa eel GA aecet ty eee fee ae 

SxuSs 0070s renee N59 Es Gan sob ee Fusts;uces cecr sates taendQeaes tates tagsslrs*7grvet set as¥cst0 grey caQce Ensuencesrsszs inna mee Scueterauseateastea ies? srsdfresttestitesitecedtitmics 


seseseaane savas sugensgere tees saessessas foesaeeces Geeed Prtaetetieaa a ecg ca teac oiaad SeSSUSRSEeuEees Seeuy COUEEGEEEE soereeseeeese epeeeeECgueeeece 


Sr SEE usta fesdt canes posesnssas HE 





Hi 


BESe se casugee 








ate 
7oe 
4 
GB 
74 
iaaae 
ageeue 
a 
cas 
is 
ae 
a 
an 
HE 
a 
Hy 
suit 
sri 
ssi a8 
Fs 
aa jae 
ge paneapa 
354 
Hi 
PtH 
ime 
ser 
seus 
a 
: 








td 
suse 
i 
FEE 
at 





Ht HH BOOBs CHE ESeSeneelon0 +t none Gueenee Ga H+ 4 ts H py seeEHEEE: ceeEessas ScEEnE seEE: Bea tt E ccammoeesne poh stnee iia Sscitaas rH 
Shaun suaesaaaey fuss caaaeacseaceseg sereacescaa css cases Gaeeeseaeeseeeeeecesceeaeeesca Leena tates tines tones erase ereeeCaeeroeens teste casennsere sb beaze raazauzer pustacewed fessaeiaseau’ 4 G80 
Gusts cages sasssbuere eves rerasfaasaareea seretsarsesnerveries SEs cosaas setae faozaosaes vas ve0saesaezss fvosaesaes ras rar sass rersseaerearses tate feeiiteett Sf eae odee ast eet fis eeeeer pager 
ertere sessitctie Seguuusaenaunaes sHisectesseets SSGEs Encuce esse REA: EsEY0 CoRAs eRed] CRTERCEND UOMSGE SEeee Eesee NEE: (ean! can(s cueecceeaticees UHAETE sereeriieity Sau Segnen SEeEOEES oa epfasioes teectocdas cesveieat 
EERE EEE EERE EEE EE EERE EERE EEE CECE EEEEEEEECEECE EEE EE CECE Seuseeenegpueue sbbed SrsEu cou Cu arsezvarae crass veeraeves Tests 








ACL@B RE SS0 JSR Ree eee eee eee A 


ier 





SRSeaeug an 
Bae aa 


Sees oeace cesegeeees festtEcbss 
beet ae ee 
aH LU 





oma 
LH 
Buna rea 


soueeguoes can 


.558 sen fas ent 


et Gy 
B 
Bra 
GL 
a) 
aH 
Bo 
[Ja 
== 
aa 
‘ee 
et 
5 
os 
tinea 
i 
side 


ma 





Ogo0e98 
Bans) 
ETE 

Ly 
FH 

ttt 

sasceeee 


BH = feed Sager 
BS eeo BU SHEB Pues 
Gus qaasdceasisesoasaiat ssvaiifeapiassteaaiteeeaviiett 
PELE Pate BERSaay suaceseaes pases sets caesar cesecaeses eaeeessetsccevsaeie 
jee) teers yt Ss BEUSRSSrM : HH Hott Stites ye | tt sristist Ht 
ae UE PSE Suan ee erent vedere 
TAP Sa re Sssded naaifesaittesstrasiter titan o oafftadt 
ue Bag lr g8 { j | HHH SERRERST Dek AREER CBALILEC JBEBBR 
on ett Ht tt HH 
SECS Great Feseebsnes seep Eesee Pesstetreb CeEECpSeet cesseee 
4 oon See seeest 


@BoO 
BeBe 18008 
ie 
Ge Sa850 
cas 
0e8e8 
2s 





Geaglastessrastesssnits zs sctecrite 
at HFN FEET 7 
oe ; ae CHEE 


Gs egaseie et tna 








aaite 
sensu 


ae ae 
SHG8 anueF Fe 
@B00cs8 








cesecee soeneouensa 
eG8ecucs 


ce eee met tt eet 
pp te 

































































oT he He : iat Sen Gs: eee Ett See ete tte tne ees nast een te eet ce 
ES Sarr ES ie lie Bal ei oe mel ee lee tl emer ee ett 
CREAR ECT See eueeeeneee eusceBeQes [OGRSTaCEs FuSCT TSE sereear outset 
peg Sed SSeS SEEH EEGECESSLSEGECCHEEDHEacatos Se eer ees Cee oe nee Cae ae oe 
asd aetau saz eatpesferitvataal PETES bese titaataseiastecttostsettosestesti SecErebceusecelas Sra ae ee 
Sse He itt sat: SSE raseaHsstecizesizoc testosieitas SrsSSrHcastaanteafeastantiioaits tas 
suscefeset SscetRecEt’ : Siainiilas Baa) docee sense Guses seces coca senate faGeE SESS osce sebeE cance bese ROBES OBEEE SEzGrsEst 
SECEESETaUSSCELESSEEEE ae Sot <-. CERSESP cueasbnact FRectBSEOE SSTEEEBESE FTEEEE Sane pebssSeRsaeGRatcseeseeRer estes SEE ati ae EE seet easel 
eet Banat if Be te gota ae EO GPS fia ae eee et Getta aaaeeceee EES te 
SEETEGEEaSCeEESEETESESETEEBES ate SREEESESErSOeels suneteceesQeenetessd race SeiSsiz tteeesstboatt pitae tess stieisees rot? = Be 
Saszoseeessesesfroatantostentt LE Skdbdee fated cases Coretscses comes cence cbes ah ed 
sales Ebags suees Sheds Pedic corac cutee susie pire cones CssesQenus agers see ae 4H FES TAPES G OPTS feed eestene seu ataee en Oetn Matra 
SEGHESEizt ibdeelteestezce asttedeeostesst ceteetsiecseeetec besbs cots b RePeedecesdoastastec goss eaad Susscettes eosteoett careatiocs 1 
EEE case ga eae ag ge ea me 
ee ee es eS ace ieee 
a cae UBH pica att eeu feel fata te ap aeeteee Sunas ice g Hise 
paeue a Haisntiaitiaiit BE CBU80 REBR0 lees HH sat Hieai rie: suites serio PEELE NEE : see tities Po scent EEE recite aa : 











feiss 


aca adda SESEISSEECEESSEEE iitfitife tae setubstesea urn iti eerie eos 
sritiineit fob ree rt mt uy sea St : nea s0ne Ey seit 
oa a ca H oi mee ab pire ani mai satneatiae ese 
iatisset itt Ben! 


LA : 


= 


hg 1 oH come 
ane ie Syaeeas ara 





lie 


a 
a 
go 
~4- 
i 


fe 


er. 


7 iB Ht 
Hf at cH 
“4 rr + 
mop 
He 
ita 
fea 


ag Ly 


Fi 
4 


et 


erin 
oa Hee 
HH 


tH 


a 
wee 


ulate 


oe cit fet at Perce tt auto! raf 
ea} ie SasTegivtes pared ensus sustt onset aasecistosssesitescisee alee pap : 
GUOESESBEaEaR een 








apean 
aoe 
Fe 


scean 
“ee 





ie 


i 


S 
&= 
v5 
; 
C 
i 
yaa 


i 


ug eR ids eestpeasicests aT fag LS prasad Seseset CoNEs C0cEs cee tusst 


sereseet tt Sesdaaooez ter nets cotitfocatiitoey BOGS TWen 58 Se ie peu ceces ees Sownd wecmeee ee ee ett 


Osa 
5 SenREE a 5 a Bee Gagne seeeeseaseaueses 








7 


¥ 


20 








6°T 


rd 
° 
ih 


G°e 3 we 6°? Lt G°Z @ 





















































































BBes pobey Sevozaz uss seasuesede uocatvaze fasus ftazedgevagcevosadcezagatsovavafaged foeu tates roves savas saravatzer agegzoratsczete;aezt tapsctates foges aves sevavezeds Guatetsozssasnetotel vevedsavatit(o; crany 
Same sugtzpuavefusuercdat tatstitaass SSUEECEDcErsvat van sevedsovetaeted fofts tase ESSSSdasSensat ep 7? j't0027 a0 asad foams RPP OaaEE sonneeen Seedofueed fofosssueretagueseet cofastozer 
AiGes fests suseotenas Cesptoseeeeeesusrass anti teas osteoatesteccstoagd cattost eos oss asstestestfostt getosstont sc erst 7s¢ yr tostee trees asad osteestees testa ont peece ests osteaseca ones osett Meeoatiats 
ee ee 
oe ee eee ee 
BCC eee Coe Sosea fostadeete teostazsatseseutett: cs, catantautas tata: satsettadd stausoztar sates ante eneestout atest cates featetestt staat ate oF iskeccases ceuet cscs: Qag8e cera: Ceagn Ee? seccaunes 
SRG SSG estes Gece ee siee 
7enSeGGee0 0000000000 0500 Sosesdastartas ous tastos aster eatasttastaat anton toss astosseattateastase ieossoasesstavoutas fosteattas sustestocdacecteentestorteas enece sreseguezerates Suen tenes SUsunUGnBE 
Eead teas ented et eee tae osee eee ea tas fusee ee ee Eee tnis ace, Feet aaa ane eee OEE atta enue eee ea ews ace eee eeaG ea saeee Eee esdaee ee ee ezaEe 
Searing Page ees ace #20 eczuced Oe efar zee Yat Etat ocd eaet ace) gt bes esac ata sac Oct taal ace ete (cea gaat eee tacee ieee (Dad Jenvoeet fee ual nae ETE 
Sep its Sire HESS HES RES atau SE ete aac ue ate eee at re fe aacinte 
Be eee OR eee seestatese Sues Feeus SeGe0 00000 008 GGG BOGGGGHEGRGRGSGRG0. Gh - .5GGuE6 BueGcGenss SeuuelusueSusencseusSennsGaE § PGS SU GUGGs GeGHsSGHGGnGRGESSSGRESGRRESRGGGRGRBGSmBae [<) +, ees 
a et ae a crn Ge GG eg eS rs ee 
Nene eee cee ee on SSO SeC SEG OSEnSsGEBs PREG CESSES EE GSCCESR GCSE CRGGSCSEGSGRGen Se04 \GhGes BOGSEESC06 GeCnen Geen See G0 C0056 00500 Ge0G0 S000 GeGnn GGGG0 0008000000 00ne0 F0n00 sne000000sene0 Dunne sumnn 
Eee dzee Read act Gaede da ease eds ema ee aes acta eae ad ae PEG ams ee fe ee Ce ane Gone Fea ae cet per eve oe eee pea ane ete eee ete Pace 
SssEistesdtsss case ateeustoadeastosteaz eattosteesetascosstotteaseey oss iostsestosstogerosteastoas.cttesttoa east eaueespvassvest oaeatoatanseaisocgsonteasteateesteosssassesteee Pesasoosei onier Vast 
seuseeues 28 DRSE PRSRSE LEP AORUO OS BEAR OB AAe8 DORSET BBLO8' ISSR LERES GeRoseltaa BERS aarnis GREE &. UBBEBENG BREESE BERL CORDES QS@SSEE8S30 a BBESERSPE  DLOSC Bee OB BU BBEL co caeeneeen 
adage bedasssanatatas Fovanetesstctotasccenenesesasasatseutat toner anate fotos ageensuenstouseceatefatad tab, sagase fogesatas: ozancbanetceeszezend fares fogs cect state zcgetarag seats zee: Feeceeeee] fated case 
ee ee ey 
SEED Gncbs ERERSEEEEC EEETS CECE: CU CSET sacs CRECECEEECCEEST CGE: SEEGSCRI=e PEuEeCoEE: CUCGEEUGEECELESCEBEC CECSESEE,® CEEECGEEG CEGEE EEE? ESESECENSE Gobet OGEEG CORecETaas GussteGeds Cceercrss? Sees poner feel fc ee 
SSEEECBEEELEECEERSES CEUEEaEeESUecsdteces satesttesssecarosst gitotitoae Hii (ne iar BAe +a Gettun ne pe sa ee eel eel ee aoe ete ise 
Sar ro rs rs a ue ee eva i ua In ug eae 
sezepeees ey Seren abens geces Fsssccesss pests frse5ceeee paces frase seersenees Seep eeersseeessznee GeETTaeeps saceecedss Gesees sees senseceens seseee soseges seuss asset 
ep oebeb pel ab beet tobe Pott bob es NE co aha Boe tas Aes 
nace sess a SaeeaeEe ar saeesee cueEeS HH qoaeee Ba HH tosses HH HCH roeoun HAN Bec GoO00 ig = Be 
i tlt ae HE eat ESSESE CG ESEEESSE CREE SSAREESERE ESSE SEEIEL pests a SESE mies eile te epg 
a HEE Soseneeaae rae TY Cit BHO Sepenast eat B ac teed cengeueue son oan “lee ceseneeee: HPS ] saogee au HH ‘e a mina | | 

sesctere gH He SASERETESEEREE sate. boy i al dmsiedin Sut See reer eee weet SSSR. Naauee Srses Sea aE He eatete et Sait 
: oo eae pM Er eure ee Ee sg td eg ES a 
RES GE fetta eee neers eee ae ee pel pd 

aebiecéne desan sounagaedideecvenuneuue SRAEeresee sauce C iauebeaes Fibccarl sc pascesunae Uamue cagegcosGE Mott BiGtes SsecgeecGeClaenaene) amu 

wis here ssee- wedge SaGbevSEEs fuck HH uadeis Goa a ie a eo Jaa BBO H e Hy 

aris 5 ma Ati peop its t ese RSeSECEEE {vied at sal set Hie surest cots it ee see 





ane eta ee ce je pepe ee 


reaeeaa 4 ae rr naece BESER st 7 Fete tt st: Mae ies Bw rb BE 
ct | | t UBamen BB HEH +4 oa c ae H G6B Peale 
fala fale 4e PESTS ae SancE ae = 








Eire 








eee 
i 
a2 a 
atin 
are a 
ame al 
Litas 
ie 
ee 











nee 
ce 








HH 
a 
‘eo Soannena 





| | 

I] 

e B 
ieee feces 





silaile 
ame 


iit 
ee 








ee 








o at oe. Hs ae SEE aes nie 
ib ee aur gece eT HESS ge ar es striae: 

































































































ise iit el eter aa gn Wi esa ae Hie 
- aT Ee teat east eee acre ate eee eee ee ea He iB 
SUM HERG 9 gee ee aGauee 
ae 20 eceneer cee ao a ae 
Ce eee ee ee ee ae 
Era eg A ae ae ee path beatae é 
Se IN epee p Ee a 
Sina svg inGR Ge eed | 
bee 
: Bo ea gee ee ee 
gente 


sleet Hien (eet bait twa Wheels 
sIEEETige iat a sessy eee tras 











tH 
ee 


ie q q ' 
nC feu sean 
_ > 4 be + =" 5 
rea ea Ae 4 
maeae ! Ba: 
acl. = 
o 


He 
Ht 
las 
Elie 


De! 
+ 


+ - 
— ++} 
, i ’ 
-bh pat 
tpt fet 
+ { - 
— + = te 1 
. ee (au 
+ + —+ + 
; — Sn SE 
—7 +4 ' —4 
+—+4++- — + + 
T ; 
et 





Z cua 


ae 


if 


ial 
as TS 








t 


Ht 
+ 
oH 
at! 
eee 
ig bagageeengcnensecs 
ari Rressiaa) 
eee 
Bag? 


eld eb eae 
SE 





4 
—— 
—p—$—> 
=} 


EE HE yj 
Le 








4—4—-4+— 
met te 


++ + - + 
} 5 
t 1 Tolotet 
+1 ke 

\ 4 4 } — 

4 a t . ie 
| Ey AE 

aE rl 
4 al 


aE 








TTiTTi 
Ba 
Ee 


4 
ses 
se 


HEE + + 





ae 
ane 
on 





a 
| 
ane 
ett ae 
AEE 


a 

Hi faseeefce 

He ie te 
fee 

















Cet 


—— 


fe 
cee 





f 








to BEF: it 
SErinaae 
a 


eee | 











naa 








| im i 
prints 

1 | ae eh 
(3am T I 





a 
4 +$—3—4—-+ 
It Le 


a 


i [ is | . 
deta 
ib 

Ht 


im! 
NB ae 


s Ba 4 

| 4 | a 
+ fave 

ma) ’ 








Haines Ea 
‘Lats 
is 
Hi 
[as] 


Soon aes akan 
+--+} 
4-4-4 


ae 
oo 


Cort 


E 
= as 





4 
pel 
-|-+ ca paa® + 
ERS 
au daaes vane 
wi 





ae 
a! 
I+ 





ee a 


+ 
xa 
+3 


6 
ae 7 
e 


j 








7 7 St a Pi tat 
| +} 
ES ae ssoeye 
r% LOH EE HH 
agene s : TSE ean 


4 J 
1038! 

+ ‘ 
+ —t 


: 7 
ce : 
Jt : 1 
pete — +— 
rw ue 
te ; 
nen 


ere Soe ace 
FEEL Ecler 
HES Ee ne rE pete ee ert etre ae 
REGGE Lk 

ES eral 
RSSeEEEEM decet east tetcaseeusaeteagrecstasttoss eet 


ey f 
2 ee ‘ tas . 
1 t 
frat] ea) |p ‘ 
1 | 
Sed sQ58 peneunanee 
i} | 
=a 4 ~ 
et? { 4 } 
ae | ts! ‘ 
t ; : 


Aue 








gs 


t 
if 
fmt 


|e 
sss tesie 














fee 
HH 








Satta 











Eee ee z Se apes 


s 


DOS SGU DOSER ESE See eecee ee 












































































































































































































































































































































IG EORRESE Fee eee es eoe 
MEME CUO Sor wee Sen geaenenue F LPL fH 
feareete (NPI? ir stent ett Sass Fesestentt V cseatentctestote taf entetaatetants (cr tae sone 
Tepes sea ese Er pESeE PSE Hal rue cE RTE se EL pe ats Besecel seeeeeess¢ ccnsseaees eveeseerst scot eeees 
el ee SL Eeteauee ete ee ee eee Eee EEE GEE EEE EE EH 
odede pbs Rg ot Seas asad FaSTasTasaaerasasaraereereraeeseriesas tee soothes ape ot SEESH EEC Gesit coast onset cces oaast onset csteasetatepeati testis 
srssiteerfestecttcrtertstias SSSEEoeds angus dtasd oat osti tetossbosttanttasteasteastosiies ee Cats Jetsapemucssansaaben ptf fee 
SEusEEsBus zeus sonra ues babes bse‘ ceres cuss cones toate Geren ScssHHSedadsctevcsteeacsscetossssieess eeectateeonstttces WEECatiEE SERA FPED FOG FOS HUTS eal dGaasaate eset essd Mseedece eeeeeeec 
ssastasdey soussstseanearfeaitess SHES es dees eedt seastassntostetsesans EE EEEEH ECE SEE ST EEE aie Sree ae ieee eee eater seas snerasaet 
Fe enien | it a Get ea REE eagiaaieaa hee Se tut a GA PEE 
pp a feste deans Obe*sseerseeras coUee Ceuee CouseCeuci CRSGEGTSSBCESESENTS Se DEEOEOGC RODOUUnnae SOUDESEGG® SuEce Coors coenennane Ses dputgsoueacntatastas staragtatasoutrestas ntaf start 
subse bese eens coees sseev reese fssbetsss rset essus tyusepesenenssageete dere laces Aeaseiesse fuse0Geaie SEESECEUGCCEEEGSEECE SEDGE CUSED FOGETOSELSGCERSORESSGEEECETOS sudosdausetestastesqtostasse: sofaafosit 
ae See, Cae eee ere il et ee ee et wet ee Bia 
Sonn SSSSSneeeeneseee Sues GeneaSeGee BOGeReeueRenSeone H Beoas Ba) guages Queen Se0eeGuSREUG=GE He cl pasaneune PEE ECE CHEE oan SeeeeGee00 Guess GeeeuSeea Gonen Be eee 
El ee Hae eT ee EE Hee TEE Mua SES ETI 
a canes ees eames Ou eee ens eoees cements aes Does oe RECEEEE EE EEE EEE SUSSEED SUSEGGEESEGEESEEToae cesses cneee ESTEDCEETT one sdssesosenfarastasousafet tastoceststestatert feesedeses 
Breer |... 
serge rosea Teenaee Eel eee eat eda aed ea taet 2? cee atl ote saree ascot Sessdssstcsteea ecdtouit tevastdaatsaateasseastesteosttoattesiearastrasitasit sisi susedensas nfaztstes 
Sefee Geode spast ator edtottant tstectes facteitest satis suoca tong afeud eaveatante ifastastaz Esse) SHEE] ESEEU EEGd Rass ones geSeesae® GHSHEsecputatatosefassvszeet otarssovsvszeueazssasessstteny teu Suite 
Ss erat an ee aro eee ee ee ees eet tate Etna ee et ata ee eee ar eet etn area Ten TE nT ae eT ee 
foees Egeee fececcdsatcececstsa:etss0lsbel SPossevetatnezezatetzna ts Se ercaraee ates avid emauaee eee iiaiiaeer sae and Ea Sregeatesetafafefifs seteitaitatest Sssueu sranessuraenfur ited? foizazaa] 
Tre man te atin aie eee Tee vSvaatid eves ateatnoctatad  easatiiieeee ate eeaeitiae ETT HATH fiat eaaesnfasii aatieie is ae 
dddzeassea te eeaeaatit at coast atid (eeeeeseayiedee eoeefaqia fii Se SES CeeeesaegadanatiaaaageeegeeTeeeeic EEE EEE eH EH eta ete an ane [ae gat ae eta need nee a H 
soeegpresdueuanees Bes soeseee 0 Easel cuses fesee sass cseeessissestize PSCHESH EH ad densodauss svsevevseusevednezas faeresvesassserersessecatsatzefaseesrensenes Srsesoitatossestoteataes seeetesae 
Geesabasezlvaae Se SrHeaitas eastasteetusaseestt FEEECEEEEEEEEEEEEE HEC et ae ru ee ar a soi iesiessteateatis scares avasvasiss 
Seoeasttsgattong niet avait faves feb Gestaddestostet-cetatess ast teesrtade eoueostesseorfaseostaseastaeiis Fan nT Tepe ee aie uae iettee ele 
miesimer| | 1.11 HEH Bus P+ tt Pt tt Tit Sista HEHE EE rH ti + | sueeeace 3 anne co (ois aa 
id ee ie ee eeu eee ie aE SGT igs Ora SEs OS RE Se eee 
SrHritenpatotends eva ere tate Saat See breeze ceeded adea nee Ff EL aa ao TEE iar ur wes EE 
segs Sega EEE EL Seger PEEP EET FEE Hae aa ist He Ee Eee siege eter tee 
Bo wut coe PEPER EE seceaceee . SueaeeeeSuecGuueeeue G@peepnn PE diy f Het Be pbEa «Cece sense crenseecer es Bape og ea Ace a BEE Eee sbvedsessstrezeces a Sageeeeeeeen TTT hs 7 
Sati UTE s esr octecgeasocteste cst asteeteestostes tattasteaseettastesteattasteaios waegeate qeeastesstantioditadtesttaiseaseestents if eee fetscdaaad etesssaas feeecazstt tt Gssiictcitoet 
os SgoCoege Cn ae SEHR EEE EEE EEE EEE CEE sence BSGuseoen GenanD CEE EE EEE Ee ayaa SaeeGneenuee Ee Pee Set tet 4 soccasen! snescacsat 
SEEESESEED Piser ste Sareea ee eee eter eee eee EEE absrcsacvasstas, vovasesasas socet tauEs SoBETTOEES HH AEA Hines : pH SSSSECEEESTEn TERT ceEEeenens 
SEESTOSbss GoCes SHSEs SGSE Ra EasOrTaeeesesGeesaseers poses sees: tees SESEU Se sos aces reset sazes tot seted.. ecozesrots tassevatzesues sezes vesat seta! HE G5 id oectdaeiccani feast aosd ca 
een mn Sag suese eens seen aos Beart aaane aoe GGGeeGeeen Rees Be See CoSme noe Sansneee eee eaee. EHH PAGEL JES er isi Ho BEDREeEEa ea Bae ceer cas HH ao oH + titi te fsa 
suagaseegafastitiiafae see Ucezazuel cee eeaa Wega izee ocr feet Vs Baer eet cal Sn = sScuda] Sates tates FoEEGGaTESEEDESH ESET LESEEE Ata ise seriedpeenstesd o15 tute 
-—rrrrr—“—“CCONCE 
Ba awe 4 Ht 4 Scccncooe Sae;enee Gueennesena HA 4 ae HY oa sagGcCom SeegdGaeeeeams 1 Soe seceee sui oe 
Serle et Scayese] oeds oseoasseossetattoatseetenestti SER Sane RSCHEEEEEEREEES EERE SEaESECeEeeoG Hee ati eeu eee 
seeretezs SsEESSEosst saat egecstectd acteeattessecstecstt cecesteoct osedosste tetas east scetcase fs ssSuaeseas iii spbsces casas fuer oa: ads 
Pd B 4] EHH FAH Seeneesesece a syeesegseesearsesees seeserae > a Saneesenses conueneuneunane aaeeu Ez aaa 4, suanuae 14 Hoo Bat to ic Reo 
|... aatffpe 
Sssne Huan socom e Seues H HH SoSeRgGRSGeSEe seeeceene co SerEPEaste etal telat nagonnn Eeea Uuuus GoDESeeesuune. Sen > ES . pfonr- sep eceeeneene iccceo sunsestiveri ates si busts : 
seed Be pe eee eee SSH FaSHeonHee etaas toad ests sat peasecsteas eos nasPecasneiiess (tant fosieeatie! aaa a “terre 
Poy H SRO ets far seth Oo tre Bao semen Gooey peees GeSeanGee cee Bonney SRE GEEn. Ce : sited! st weg Fasssenees seseevaeseorseraazel (ole-azasz 
eee ce ae Seat [ire 
STP eo o eatior beget $SpOpepmepsrten| i se err ate IS inebeere syssodtedeceusastest feat atests 
Sat ee ueeeee nee cnet tr ata anette eet eat ae ree Ea "OE EE oe 
ian HH lar Lev A oan STR RTE Dea ge ee EN te NES ICUtAt GLI tal ected nn Hoh HH oo o ap ie HH HEH COOE 
bastatenets Baislaeis ses seis sinks Eases bEdES tales Pesthagtte Gaia she: berisiestasttefies Boeeese EEE saat seserset sctases Ne cist fe abe Fee eet ea cea 
aS eS a 
SSE | lesereaitone TL Slice itd eee UE eee eee eae tae EEE a aia a f te 
SE EEE ee eee Eee ee cee EE EEE EEE seeLeeeieseeeeetetecer ectetorectae Se fact ed ane] poset aE et Jao 
eet se seesseusetaafestsenrfasitsstttantasftaitz: ten SBS eae ae eeus ante azner eeee gee 02 era (ada teed st ster tesecdactt fap tt 
suaau se ni EE RTE Eesraadecosaitraaiiovgadiaadl Vai ba Sp senscbecee ETE Sutetogsatotossatetotangatort prastiteds rete] Heeb Ie ac 
ape fp pp SSREESISS: CoReeCeS0r <r cEUOEEE SECETEEOEESGECT EGS Pr SEES cee tents eer ache: ssos tases tasesQaea! tet at 
Say oes ot ca ane ee ncaa ie et ae EE ae eat ae eee Baa eee ot 
iar ig Efe eer ne ee be rat ind eeu eee EE Ta 
BBeee ee gee ere ee te ee eee cde 
Entree ne ce era aU EEE GE ERHE rl ativaet ed ea dete ed faeet Pt ane aoe HT Sar et ree ae eee 
SesEseezt SEectaneeetsMe coat seectesertastettestogecsesstats Fett age eet tesa bet caeee cee fees eadace aE cat cesaiiaitisiiets Sle Eee ate etd fnee farted ast nt siisicadezes 
eel aaa bgceetta tase ced eta fat tf taeante tae Sea eer ue BE Hite cesseaestastssiaza 
Se eeeuecEaes FaSEUGSETCETEST TePTaGz a=; HESSTGTETEEEEEETETELGHEEETIETE SBEEREEToSuosesuazescovssvessbssfasr SCSsaHctec sat teeces set ccagi eeestatasrecstaste 
ST a Gt dP Ht SEEcH soeressstscerar setee tessazseratze? rate) 
EGE NSOCSBEGRS CoSSeReced Recen fESUE ESSEC ERE SERGE ash caah otaaneeaanetaaee teeta eeotee 





23 


eo 





BIBLZLOGRAPHY 


D. Shoenberg, Superconductivity, Cambridge University Press, 1952. 


M. S. Blois, Jr., Studies on the Structure of Thin Evaporated 
Metallic Films, Stanford University, 1950. 


M. S. Blois, Jr., Properties of Thin Evaporated Metallic Films, 
Stanford University, 1951. 


J. F. Wright and C. S. Bird, Effect of Varying Dimension on Critical 
Currents in Thin Indium Films, U. S. Naval Postgraduate School, 1958. 


A. C. Graves and D. K. Froman, Miscellaneous Physical and Chemical 


Techniques of the Los Alamos Project, McGraw-Hill Book Company, Inc., 
BAe 


2, 





APPEND IX 
TABULATED DATA 


.A. 60 milligram specimens. 


Specimen no.: fi Ts 
Backing: Copper (R=1600 ohms) Copper (R=2000 ohms) 
Width: ~0073 cm ~O0L8 cm 
Resistance (300°K) 115 ohms 161 ohms 
Resistance (70%) 39.5 ohms 56.8 ohms 
Resistance (4.2%) --- 29.9 ohms 
T e T ihe 
(°K) (ma) (°K) (ma) 
32/0 lee 3.407 Dia? 
Se 210) 225 Be LT 5.6 
3.160 3.6 6 28S Gre 
3. NOL he? 3.160 6.5 
3.039 6.6 3.074 9.6 
2-981 Pe 2988 Le 
2.K2 1622 2.885 21.4 
2-801 26.0 26105 eon 
2.681 38.0 2.681 Bee 
26553 149.5 2g993 oo. 
Zee 66.2 2-487 45.0 
Ze505 (4s: Zaove SU, 2 
2eeoe Bee 22280 54.0 
PAPA FAY 69.0 EPA bee 
2195 Ol ee 22188 58.0 
Ans Fale 94.5 2e151 61.0 
2.093 100.0 20126 63.0 
21024 105.8 2-106 63.5 
1.932 11320 2.091 SB5b 
1.839 113.0 2.038 G55 
1.989 67.0 
ese 68.0 
1.861 71,0 
1.806 5 
ee? 73.0 
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Specimen no.: 10 14 
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Backing: Copper (R=250 ohms) None 

Width: ~0073 cm eO0L48 cm 

Resistance (300°K): 161 ohms 91 ohms 

Resistance (70°K): 64.5 ohms 28.2 ohms 

Resistance (4.2°K): ——— 11.76 ohms 

P i T Ip 
(°K) (ma ) (oh) (ma) 

Bo 50 Sey: 18.5 
35501 1.80 Deol 19.5 
3-442 Zee Beto? 2220 
3.376 230 3.386 2h 5 
Ge322 Aap SIS 3.322 26.5 
3.267 2615 Se o> 29.0 
3.192 2.90 OS 32.0 
311, Bose 3.091 3562 
3.039 3.70 3.003 40,0 
2-950 4.40 2.918 44.5 
2.868 eo 282k, 49.0 
2.765 lef Qe til 56.2 
2.600 5.10 2599 64.5 
PA) 5.40 2.446 Th& 
2eug 5.65 Bob als 83,0 
2e 32k 6.20 22264 87.0 
2-280 8.80 2ece{ 89.0 
26240 9.10 20155 104.0 
2191 10,10 2.076 107.5 
2102 18.50 LEAS: Tio 
2-012 19,00 1.863 116.0 
ie 9a 19.00 
1.834 19.00 
e757 19.00 





Specimen no.: 2 17 
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Backing: Aluminum (R= 500 ohms) Aluminum (R= 4000 ohms) 
Width; ~OOL8 cm ©0073 cm 
‘Resistance (300°K): 83.3 ohms 125 ohms 
Resistance (70°K): 32.0 ohms 40.4 ohms 
Resistance (4.2%): 15.3 ohms 12.5 ohms 
at ie ik i 
(°K) (ma ) (°K) (ma) 
Blois in 13.9 3.655 1266 
3.478 IW Ae Bienes 12.0 
3.391 19.5 3A 0h a= 12.0 
g-e00 2220 3e4(3 12.0 
3.281 25-0 3.402 1265 
3.195 29.7 Cas Suk 16.0 
3.094 B50 3.267 21.0 
22922 42.5 3.118 295 
Ze555 47.0 3.032 34.0 
26726 oy iy i 2965 37.0 
2-610 58.0 Zeoye L0.5 
24,67 63.8 2.788 46.0 
2.298 70.0 2.676 52.5 
2.251 72.0 Zoo 1 Sune 
2.202 72.6 2659 64.5 
2.165 74.0 Deol oie 
22115 76.0 22276 71,.0 
2.060 Wo.G 22238 (brie) 
Wet Uae, 22187 71.0 
1.892 7060 2119 (iS 
1.828 78,0 P4057. T7420 
1.922 80.0 
1.892 87.0 





Be 300 milligram specimens. 


Specimen no.: 


Backing: 


Widths 


Resistance (300%): 
Resistance (70°K); 
Resistance (4.2°);: 


ih 
(°K) 


3,253 
Si ike) 
3.067 
20969 
2.881 
ZOD 
2.665 
2.526 
22332 
2.259 
eee 
aM Is 
2.146 
2609) 
2.039 
1.983 
1.903 
1.808 


US 

Copper (R=1700 ohms) 
~0076 cm 

21.4 ohms 

5.92 ohms 

1.53 ohms 


I, 
(ma ) 


ie 


120 
Hae 
ati ly4 
Iie 
168 
198 
232 
276 
261, 
304, 
312 
316 
322 
335 
300 
300 
286 


28 


18 

None 
~0073 cm 
15.6 ohms 
5.56 ohms 
1.33 ohms 























